Spin-1/2 baryons are considered as a composite system made out of a "core" of three quarks surrounded by a "sea" (of gluons and qq-pairs) which is specified by its total quantum numbers. Specifically, we assume this sea to be a flavor octet with spin-0 or 1 but no color. We show our model can provide very goods fits to magnetic moments and semileptonic decay data using experimental errors. The predictions for spin distributions are in reasonable agreement with experiment.
I. INTRODUCTION
The expectation of the standard quark model (SQM) that the valence quarks give dominant contribution to the low energy properties of the spin 1/2 baryons has had limited quantitative succes. Recent experiments show that the valence quarks cannot even account for the proton spin [1] . One must go beyond SQM.
In reality quarks interact and one expects the physical hadrons to consist of valence quarks surrounded by a "sea" which in general contains gluons and virtual quark-antiquark (qq) pairs. Different treatments of the sea can be found in the literature [2] [3] [4] [5] [6] [7] . We model the general sea by its total quantum numbers (flavor, spin, and color) which are such that the sea wavefunction when combined with the valence quark wavefunction gives the desired quantum numbers for the physical hadron.
In particular, the spin 1/2 baryons are pictured as a composite system made out of a baryon "core" of the three valence quarks (as in SQM) and a flavor octet sea with spin 0 and 1 but no color. The physical baryon wavefunction incorporating such a "sea" was used by us to calculate the baryon magnetic moments [8] . Very good fits to the magnetic moment data using experimental errors were obtained. The purpose of this paper is to apply this wavefunction to other low energy properties of the spin 1/2 baryons (p, n, Λ, . . .) like semileptonic decays (SLD) and baryon spin distributions.
In Sec. II we give the wavefunction for the physical baryons constructed from the valence quarks and our model for the sea. Sec. III summarizes the results for magnetic moments obtained earlier [8] . Sec. IV discusses the application to G A and G V for SLD. Sec. V gives the results for combined fits to 8 magnetic moment data and the 4 G A /G V data. Sec. VI discusses implications of these fits for the nucleon spin distribution data. Sec. VII gives a brief summary.
II. SPIN 1/2 BARYON WAVEFUNCTION WITH SEA
The general physical baryon given below in Eq. (1) was given earlier in Ref. [8] . We give its basic details here not only to establish our notation but also to make this paper self-contained.
We assume the core baryon wavefunction to be given by the SQM. For the SU(3) flavor octet spin 1/2 baryons we denote the SQM or q 3 wavefunction byB(8, 1/2). These octet states are denoted byp,Σ + ,Λ, etc. The sea is assumed to be a color singlet but with spin and flavor. Its SU(3) flavor singlet and octet wavefunctions are denoted by S(1) and S (8) .
These can carry spin 0 (wavefunction H 0 ) or spin 1 (wavefunction H 1 ). In our model the general sea is described effectively by the four wavefunctions S(1)H 0 , S(8)H 0 , S(1)H 1 , and S(8)H 1 . We refer to the even parity spin 0 (spin 1) sea as scalar (vector) sea. The SU (3) symmetric and spinless sea component implicit in SQM is described by S(1)H 0 .
The total flavor-spin wavefunction of a spin up (↑) physical baryon, which consists of 3 valence quarks and a sea component as above, can be written schematically as state. So that,
The third (fourth) term in Eq. As it stands, Eq. (1) represents a spin 1/2↑ baryon which is not a pure flavor octet but has an admixture of other SU(3) representations determined by the parameters a(N) and b(N) for N = 1, 10,10, 27. However, our wavefunction respects isospin (I) and hypercharge (Y ), so that the physical baryon B (p, n, Λ, etc.) have the usual I and Y properties.
The sea isospin multiplets contained in the octet S(8) are denoted as
The suffix on the components label the isospin and hypercharge quantum numbers. Note, the familiar pseudoscalar mesons are used here as subscripts only to label the flavor quantum numbers of the sea states. All the components of S (8) is of the form (suppressing I 3 ) Table I . The corresponding coefficientsβ i , β i , etc. expressed in terms of the coefficients a(N) (for the scalar sea) are recorded in Table II . In Table I we have denotedB(Y, I, I 3 ) and S(Y, I, I 3 )
by appropiate symbols, e.g.,B(1, 1, 1/2) byp, S(0, 1, 1) by S π + , etc. Since the flavor content of the fourth term with vector sea is the same as for the scalar sea, the contribution of the fourth term in Eq. (1) to the physical baryon state can be obtained by using Eq. (2) and Tables I and II with Tables I and II for the reduction ofB(8) ⊗ S(8) into various SU(3)
representations we have followed the convention used by Carruthers [9] .
The normalization of the physical baryons wavefunction in Eq. (1) can be obtained by using
However, it should be noted that the normalization are different, in general, for each B(Y, I)
state. This is because not all a(N) and b(N) contribute to a given (Y, I)-multiplet as is clear from Tables I and II . For example, a(1) and b(1) contribute only to Λ while a(10) and b (10) do not contribute to the nucleon states. Denoting by N 1 , N 2 , N 3 , and N 4 , the normalization constants for the (p, n),
, and Λ isospin multiplets, one has
where,
For example, using Tables I and II , and Eqs. (5), the physical spin-up proton state as given by Eq. (1) is
and so on. Other baryon wavefunctions will have a similar structure. Also, (Ñ ↑ S π ) 1/2,1/2 ((Σ ↑ S K ) 1/2,1/2 ) stand for the I = I 3 = 1/2 combination of the I = 1/2Ñ (S K ) and I = 1
For any operatorÔ which depends only on quarks, the matrix elements are easily obtained using the ortogonality of the sea components. Clearly p ↑ |Ô|p ↑ will be a linear combination of the matrix elements B ↑ |Ô|B ′ ↑ (known from SQM) with coefficients which depend on the coefficients in the wavefunction.
For applications, we need the quantities (∆q) B , q = u, d, s; for each spin-up baryon B.
These are defined as
where n B (q ↑) (n B (q ↓)) are the number of spin-up (spin-down) quarks of flavor q in the spin-up baryon B. Also, n B (q ↑) and n B (q ↓) have a similar meaning for antiquarks.
However, these are zero as there are no explicit antiquarks in the wavefunctions given by Eq. (1). The expressions for (∆q) B are given in Table III (1)) and part of the timeB plus a sea with flavor and spin.
How do the sea wavefunctions with J P = 0 + or 1 + and the above flavor properties arise?
One way a sea with flavor 8 property can arise is from Goldstone bosons (usual
). Their effect on baryon structure has been considered recently [10] . These can combine with qq-pairs or gluons to give the total quantum numbers for the sea considered by us.
Our approach can be used to construct wavefunctions for other hadrons incorporating a sea specified by total quantum numbers. Also, since we have an explicit wavefunction we can calculate all relevant physical quantities in terms of the parameters in the wavefunction, namely, b 0 , a(N)'s, and b(N)'s. Since, there is noá priori theoretical knowledge which of these are important, we determine them by confronting the predictions of our wavefunctions with experiment.
III. APPLICATION TO MAGNETIC MOMENTS
For this purpose, the baryon magnetic moment operatorμ was assumed to be expressed solely in terms of valence quarks (inB) so thatμ = q (e q /2m q )σ
we could consider a magnetic moment operatorμ (s) for the 'sea' and through which the vector sea would contribute to µ B . We do not include such a direct sea contribution as it would involve unknown parameters like µ S π + , µ S K − , etc. Furthermore, the sea is specified by its total quantum numbers. Since a given set of quantum numbers can be achieved by a multitude of different configurations of qq-pairs and gluons, one may assume that the overall contribution due toμ (s) is negligible. It is clear from Eq. (1) that µ B = B|μ|B will be a linear combination of µB and µΣ0Λ weighted by coefficients which depend on b 0 , a(N)'s, and b(N)'s. The µB and µΣ 0Λ (for the core baryons) are given in terms of the quark magnetic
etc. Consequently, one obtains (for B = p, n, Λ, . . .)
where the (∆q) B and (∆q) Σ 0 Λ are given in Table III .
For the fits µ q (or equivalently m q ) were also treated as parameters. The details of the fits and discussion can be found in Ref. [8] . There, using experimental errors we had obtained two excellent six parameters fits to the eight magnetic moment data. The details of these fits (called Case 1 and 2 in Ref. [8] ) are given here for sake of completeness: The 3-parameter function determined by the magnetic moments can be used to predict other data. We consider the predictions for the semileptonic decays below.
IV. SEMILEPTONIC DECAYS (SLD)
For the semileptonic decay B → B ′ + (lepton pair) we need to calculate the matrix Morever, since I + is a generator of the isospin symmetry it can be written simply as
where "q" and "s" refer to "quark" and "sea" parts. The current operator J (q)
+ acts on the quarks in the core baryonsB and is the isospin raising operator for theB states so that ( q I (q)
acts on sea states in S(8) given in Eq. (3), so that I (s)
1 It is clear that 1 In our convention, the isospin multiplets inB (8) A (∆S = 0). In general,
where the constant A 0 specifies the relative strength of the sea axial current operator J Using these operators, the results for the matrix elements G (q)
A (∆S = 0)|B are given in columns 3 and 4 of Table IV .
A (B → B ′ ) is to be used to confront data.
It is worth remarking from Table IV that for transitions within an isomultiplet, the ratio
It is not surprising that Eq. (11) (a consequence of isospin for a d → u transition) holds because our general wavefunction respects isospin. Another consequence of isospin (noted here for the first time because of the parameters in the wavefunction!) is the relation of 
B. ∆S = 1 decays
At the quark level these decays are due to a s → u transition. For these decays the current operators can be represented in terms of the lowering (raising) operators V − (V + ) of the Vspin SU(2) sub-group of flavor SU(3). In our conventions [9] , (s, u) form a doublet with
The corresponding V -spin multiplets (with standard SU(2) phase conventions)
, and ( Table I ) However, on using Table II , these expressions take a simple form in terms of the coefficients a(N) and b(N) (in Eq. (1)) and it is these which are listed in Table V . Furthermore, the relations the physical baryons form a SU(3) octet. This means that V -spin is a good symmetry. Table V) 
Indeed in this limit
in terms of a quark part J 
Z , so we take J 
A (∆S = 1)|B are given in Table VI . It is clear that only sea states with flavor and spin will contribute to G 
It is clear from Eq. (12), that G
is to be compared with data.
Some consequences of flavor symmetry need to be pointed out for the expressions in Table VI . Firstly, as expected, the explicit calculation confirm that the matrix elements obey the isospin relations
Furthermore, in the limit when the physical baryons form a SU (3) Table III . One has
So, for ∆S = 1 decays G A /G V for the quark part in B → B ′ is related to the difference of the spin carried by the decaying quark in B and B ′ . This result has not been noted earlier. 
V. FITS TO THE COMBINED MAGNETIC MOMENT AND SLD DATA
The excellent fits for the magnetic moments given in Sec. III can straightaway be used to predict the G A /G V for the 4 SLD's n → p, Λ → p, Σ − → n, and Ξ − → Λ for which data are available. A contribution from G 
A. Fits with experimental errors for all data
The six parameter fits mentioned in Sec. III [8] to magnetic moment data describe the sea in terms of only 3 parameters. Using these values of the 3 sea parameters to predict the SLD G A /G V gives at best a χ Table VII .
Comparison of this 7 parameter fit with the earlier 6 parameter fits for magnetic moments alone reveals:
1)
The new values of µ q 's are close to the earlier ones. But, the fit has the nice feature that m u = m d and m u /m s is closer to 0.6.
2) The scalar sea is described by the 2 parameters a(8 F ) and a (10) 5) The values of (∆q) p are similar except that they fit the experimental value of
A (∆S = 1) with A 1 = −1 is necessary to fit the Σ − → n decay.
In summary, at the expense of an extra parameter overall one obtains a better fit to magnetic moment data than before as well as fit the known SLD data using experimental errors throughout.
B. Fits with theoretical errors of 0.1µ N for magnetic moments
We consider such fits because all the fits in the literature (unlike our fits above) add an arbitrary theoretical error. The motivation for adding this error is that all magnetic moments are treated "democratically". Otherwise, the extremely accurately measured µ p and µ n act as inputs to a minimum χ 2 -fit. We add a theoretical error of 0.1µ N in quadratures to the experimental errors for all the magnetic moment data. This is a popular choice [11, 12] . An error of 0.1µ N is fairly large (compared to the actual experimental errors) and facilitates a good fit with a few parameters only. This is true in our model also! for Models AII and AIII of CS, their best fits. An important difference in their and our model is reflected in the phenomenological values of (∆q) B . In particular, CS obtain (their Model AIII) (∆u) p = 0.783, (∆d) p = −0.477, and (∆s) p = −0.147. This is to be contrasted with the fact that our fits yield (∆u) p = 0.964, (∆d) p = −0.296, and (∆s) p = 0.008. Physically, our fits require a very tiny strange-quark content in the nucleon compared to their and other similar fits [11, 12] . Another physical difference is that in our case the valence quarks carry 67% of the proton spin compared to about 16% in Model AIII of CS.
C. Fits with smaller theoretical errors for magnetic moments
Since all the magnetic moments, except for p and n, are known to three digits one can treat all of them democratically with a theoretical error of 0.001µ N . Using this error in quadratures and the predicted numbers in Column 3 of Table VII , one finds χ 2 ≃ 1 instead of 1.02 for experimental errors. An independent fit with theoretical errors of 0.001µ N gives a χ 2 = 1.0035. In fact, fits with theoretical errors of 0.001µ N or smaller are essentially equivalent to the fits using experimental errors (the changes being only in the fourth decimal place or after). The situation changes however when larger theoretical errors like 0.01µ N are used. We now turn to implications for the spin distribution of our model.
VI. SPIN DISTRIBUTIONS
The spin distribution, I 1B , for baryon B is defined as
where the spin structure function g 1B (x) occurs in polarized electron-baryon scattering.
Experiment [1, 13] 
In our model in addition to the quarks there can be a direct sea contribution I 1 |B where by analogy we takeÎ 
Putting the two contributions together we have
where B 1 determines the strength of the direct sea contribution to the valence quark contribution. Since the value of B 1 is not knowná priori and phenomenologically it may be treated as a parameter.
Using the fit to magnetic moment and SLD data with experimental errors given in Table VII we can predict I 1B . One obtains I If one keeps only the quark part, that is B 1 = 0, then our I 1p is much lower than the SQM value but still 4σ higher than experiment. This may be due to large Q 2 in the experiment.
Another possibility is to invoke the direct sea contribution. For example, with B 1 = −1 one obtains I 1p = 0.161 and I 1n = −0.062 in good agreement with experiment.
VII. SUMMARY
In summary, we have shown that our model of the sea component in spin-1/2 baryons can fit their magnetic moments, weak decay constants G A /G V for both ∆S = 0 and 1 semileptonic decays as well as nuclear spin distributions using experimental errors. To accomplish this one has to invoke a direct sea contribution for ∆S = 1 decays and nucleon spin distribution. The sea was found to be both scalar (spin 0) and vector (spin 1). Two physical features of our fits are that about 70% of the proton spin resides with the valence quarks and they give a tiny strange-quark content to the nucleon.
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